Abstract The purpose of this study was to assess the diagnostic value of imaging-guided core needle biopsy for the diagnosis of musculoskeletal lesions. Between 2004 and 2007, 309 biopsies (ultrasound 151, computed tomography 89, and fluoroscopy 69) were included. There were 142 soft tissue and 167 bony lesions. Diagnostic yields and accuracies were assessed using the chi-square test or Fisher's exact test with Bonferroni's correction when necessary. Overall diagnostic yield was 90.6% for all 309 lesions (bone 91.6% vs. soft tissue 89.3%, p=0.5125). The diagnostic accuracy of the 185 core needle biopsies, which were confirmed by definitive surgical biopsies, was 84.3% (bone 88.9% vs. soft tissue 79.1%, p=0.0669). The yields of homogenous bone tumours (96.8%) were not significantly higher than those of bone tumours with a heterogenic architecture (86.4%, p=0.0794). The difference between accuracies for homogenous bone tumours (89.1%) and heterogenous bone tumours (85.0%) was not significant (p=0.6930). However, for soft tissue tumours, homogenous tumours had a significantly higher diagnostic yield than heterogenous tumours (97.5% vs. 81.4%, p =0.0036). Diagnostic accuracy for homogenous tumours was also significantly higher than that for heterogenous soft tissue tumours (94.4% vs. 60.6%, p<0.0001). The image-guided percutaneous needle biopsy of musculoskeletal lesions is a safe and effective procedure if it is performed selectively in soft tissue tumours with homogenous architectures.
Introduction
The majority of musculoskeletal tumours require a histological diagnosis before clinicians can decide on appropriate treatment, and surgical biopsy is the most accurate way of obtaining tumour tissue samples. However, surgical biopsy has been reported to cause complications in up to 17.3% of cases, and in 8.5% to hamper further treatment [1] [2] [3] . Percutaneous needle biopsy is widely accepted as a standard method for the diagnosis of many different types of tumours, yet orthopaedic oncologists still prefer surgical biopsies because the accuracy of needle biopsies has been reported to be significantly lower for musculoskeletal tumours [4] . Nevertheless, the role of needle biopsy has been recently promoted because it is less traumatic than surgical biopsy. Because it does not cause surgical wounds, treatments, such as, radiation and chemotherapy can be administered immediately after the confirmation of pathological diagnosis. Furthermore, it is less expansive and more convenient because it is usually performed under local anaesthesia in an outpatient clinic.
Recent studies have reported that the diagnostic accuracy of needle biopsy ranges from 70% to 98% for musculoskeletal tumours [1, [5] [6] [7] [8] [9] [10] [11] [12] [13] . These values are dependent on many different factors, but overall values have been improved by advances in imaging-based guidance techniques, which enhance the collection of viable tissue from tumour sites.
Furthermore, imaging studies can be useful in terms of predicting diagnostic yield and providing clinicians with guidelines for the optimal biopsy method in a given situation. Wu et al. analysed 151 core needle biopsies of musculoskeletal tumours in an attempt to identify factors that affect the diagnostic yield of needle biopsy. It was found that higher diagnostic yields were obtained for lytic and larger bone lesions [14] . However, to our knowledge, no prior study has evaluated the effects of histological factors on the diagnostic yield of image guided needle biopsy for musculoskeletal tumours. In this study, we retrospectively collected 322 cases of image-guided needle biopsies in musculoskeletal tumours and analysed the diagnostic yields and accuracies of needle biopsy with respect to different factors, including tumour histology. It was hoped that information obtained would aid decisionmaking regarding biopsy type, when a specific tumour type is indicated by imaging analysis.
Materials and methods
We reviewed retrospectively all 322 core needle biopsies (322 patients) performed in musculoskeletal lesions between January 2004 and December 2007 at the Samsung Medical Centre, Seoul.
Thirteen cases were excluded due to follow-up loss without a clear diagnosis. Accordingly, 309 biopsies were included in this study. One hundred eighty-five patients underwent a core needle biopsy and surgical biopsy or resection. However, the remaining 124 biopsies were deemed unsuitable for further histological evaluation. These were composed of some biopsies of benign tumours, metastatic diseases, lymphomas, and infections.
The 309 cases included 158 males and 151 females with an average age 47.5 years (range 3-84). The anatomical locations of tumours subjected to core needle biopsy are shown in Table 1 . There were 167 bone tumours and 142 soft tissue tumours including tumour-like lesions (Tables 2, 3, 4).
Either the Gunbiopsy Needle (M.I.Tech) or the Bone Biopsy (BONOPTY) system was used according to tumour size and depth. At least four biopsy samples were obtained at different tumour sites under imaging guidance by two radiologists specialised in the musculoskeletal system. The imaging study used ultrasound in 151 cases, CT in 89, and fluoroscopy in 69. All samples from core needle biopsies were fixed in 10% formaldehyde and examined by pathologists specialising in musculoskeletal tumours. A compressive bandage was applied to skin for 12-24 hours after biopsy. After the procedure, patients were observed for at least 30 minutes to ensure the absence of immediate complications, such as haemorrhage or neurovascular injury. Delayed complications were assessed by orthopedic surgeons two weeks after biopsy.
Diagnostic yields were calculated to assess whether core needle biopsy can provide diagnostic information and whether it is possible or not. To achieve this, we analysed the biopsies of all 309 patients, including the 124 that did not undergo a surgical biopsy. The pathology reports of all biopsies were reviewed and categorised as diagnostic and non-diagnostic specimens or insufficient specimens for pathological diagnosis by pathologists.
To determine diagnostic accuracy, we excluded the 124 cases not confirmed by surgical biopsy, and analysed the findings of the 185 patients who underwent both needle biopsy and surgery. The histological results of surgical specimens were used as the reference standard. Accuracy was defined as the sum of true positive and true negative results divided by the total number of biopsies performed.
Statistics
Statistical analyses were performed by using SAS software (version 9.13; SAS Institute Inc, Cary, NC). To compare proportions, we used the chi-square test or Fisher's exact 
Results

Diagnostic yield
The overall diagnostic yield from 309 core needle biopsies was 90.6%, and no statistically significant difference in diagnostic yield (p=0.5125) was found between bone tissue (91.6%) and soft tissue lesions (89.3%). The diagnostic yields of benign bone tumours and malignant bone tumours (88.4% vs 91.9%, p=0.5297) and of benign and malignant soft tissue tumours were not significantly different (92.2% vs 90.6%, p=0.7210).
Diagnostic yields were found to depend on the histological architecture of the original tumours (Table 5 ). Benign and malignant soft tissue tumours with a heterogenic architecture, such as haemangiomas, schwannomas, angiosarcomas, liposarcomas, and synovial sarcomas, had significantly lower diagnostic yield than relatively homogenous tumours (81.4% vs 97.5%, p=0.0036). But, no significant difference was found between bone tumours containing heterogenous tissues, such as giant cell tumours [15] , chondroblastomas, haemangiomas, angiosarcomas, and others (86.4% vs 96.8%; p=0.0794).
The different imaging techniques used to guide core needle biopsies for all 309 lesions did not significantly affect diagnostic yield (ultrasound 90.1%, fluoroscopy 92.8%, CT 89.9%; p=0.7867).
Diagnostic accuracy
The diagnostic accuracy of the 185 cases examined by core needle biopsy and surgery was 84.3%. The diagnostic accuracy was greater for biopsied bone lesions than for soft tissue lesions (88.9% vs 79.1%), but this was not significant (p = 0.0669). Furthermore, the diagnostic accuracy of benign and malignant bone tumours were not significantly different (85.3% vs 90.2%; p=0.7233). However, the diagnostic accuracy of core needle biopsy for benign and malignant soft tissue tumours were significantly different (87.3% vs 66.7%; p=0.0345).
The histological architecture of original tumors (Table 5 ) were found to be correlated with diagnostic accuracy of core needle biopsy. Diagnostic accuracy of the group of heterogenous soft tissue tumours, including haemangiomas, schwannomas, angiosarcomas, liposarcomas, and synovial The different imaging techniques were not found to be associated with significant differences in the diagnostic accuracy of core needle biopsy for all 185 lesions (ultrasound 81.4%, fluoroscopy 88.5%, CT 87.1%; p= 0.5204).
Complications
No complications related to image-guided core needle biopsy, such as haemorrhage or neurovascular injury, were encountered.
Discussion
The diagnostic yield of image-guided core needle biopsy has been reported to be up to 97% for musculoskeletal tumours [5, 7-10, 12, 13, 16] . Needle samples of metastatic tumours reportedly have the highest probability of achieving a diagnostic result. We retrospectively analysed 309 cases of core needle biopsies in musculoskeletal tumours and obtained an overall diagnostic yield of 90.6%. Recent studies have reported that complications resulting from needle biopsies occur at rates ranging from 0 to 1.1% [2, 7, 8, 10, [17] [18] [19] [20] . We did not encounter any complications related to core needle biopsy. Accordingly, we consider that our core needle biopsy is representative of those used at other institutes.
In this study, there were 29 non-diagnostic cases that did not include diagnostic materials. The majority of these showed only necrosis, fibrosis, or a blood component, and USG ultrasonography, CT computed tomography these cases usually contributed to the lower diagnostic yields of core needle biopsy for musculoskeletal tumours [7, 13, 19, [21] [22] [23] . A pathological diagnosis was made in 20 of these 29 cases by consecutive needle biopsies or by surgical biopsies. To prevent lower diagnostic yields, McCarthy suggested that core needle biopsies should be performed after a full discussion between an orthopaedic surgeon, pathologist, and radiologist. This is in order to aid radiologists in determining a biopsy location in tumours and for the pathologist to confirm the histological diagnosis [21] .
In our study, we obtained higher diagnostic accuracy for core needle biopsy in bone lesions than in soft tissue lesions, but, as in other studies, this difference was not significant [1, 5, 15] . Some studies have shown that core needle biopsies of bone lesions are more accurate than those of soft tissue lesions [18, 24] . However, in most of these studies, bone lesions included a large number of metastatic tumours, which usually yield higher accuracy [21, 25] . The reason for this appears to be that biopsies of metastatic tumours are more likely to contain diagnostic tumour cells because of their homogenous nature. However, for bone tumours, the diagnostic yields and the accuracies of homogenous and heterogenous tumours were found to be no different, which suggests that the homogeneities of bone tumours are not significantly related to an accurate diagnosis. Unfortunately, we could not identify any significant factors that affected the diagnostic accuracy of core needle biopsy for bone tumours.
On the other hand, the diagnostic yields and accuracy of soft tissue tumours were significantly affected by histological type [3, 21, 26] . We found that tumours with lower diagnostic accuracy were composed of heterogenic cells. These tumours included angiosarcomas, liposarcomas, synovial sarcomas, haemangiomas, and schwannomas.
Needle biopsy has been shown to have a low diagnostic accuracy for liposarcoma. Mitsuyoshi et al. reported that it was difficult to differentiate low-grade liposarcomas from lipomas by core needle biopsy [1] . Other studies have shown that it is difficult to obtain diagnostic samples from lower grade soft tissue tumours because these tumours are often heterogenous [3, 7, 18, 21, 26, 27] . Low-grade liposarcomas contain various types of cells, and often, different grades of tumour cells are observed in different parts of the same tumours. As such, the diagnostic accuracy of core needle biopsy is probably unacceptable for liposarcomas because needle biopsy gives little information about the entire tumour. MRI is now being routinely used to evaluate soft tissue masses in the extremities. Low-grade liposarcomas are easily diagnosed by MRI and show fat signals with high signal intensity in T1W and T2W images, and hypointensity in fat-suppression view. Core needle biopsies should not be performed on these tumours.
Synovial sarcoma is also composed of heterogenic cells that express biomarkers differently. The histological diagnosis of this tumour requires an examination of structural tissue rather than cells, especially in the biphasic type of synovial sarcoma, because the shape of cells are not characteristic. This probably explains the lower diagnostic accuracy observed for these tumours in our study. Unfortunately, needle biopsies of synovial sarcomas cannot be avoided, because their imaging findings are unpredictable. However, needle biopsy is often attempted because a tumour mass is located near a joint or neurovascular structure and it is not amenable to surgical biopsy due to the risk of contamination. We suggest that FISH analysis could improve the diagnostic accuracy of core needle biopsy for synovial sarcomas when cytological diagnosis is difficult and when synovial sarcoma is suspected after needle biopsy of a soft tissue tumour.
Schwannoma and haemangioma were found to have lower diagnostic accuracy. The heterogenous nature of these tumours also hampers histological diagnoses. Wu et al. reported that haemangioma has a low diagnostic yield, because it is difficult to determine the tissue architecture of a whole tumour by needle biopsy [14] .
The diagnostic outcome of needle biopsy for musculoskeletal tumours varies and is largely dependent on tumour type. When tissue architecture is needed to make a histological diagnosis, needle biopsy struggles to achieve diagnostic accuracy, and thus, it cannot be performed indiscriminately. MRI may help exclude heterogenous soft tissue tumours unsuitable for needle biopsy. Furthermore, a musculoskeletal team approach, including an orthopaedic surgeon, a radiologist and a pathologist, should be used to determine the manner in which a core needle biopsy is performed. This will decrease the cost and time required to diagnose musculoskeletal tumours by avoiding unnecessary core needle biopsies.
